JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. Land survey records of 1793-1827 containing forest data for 1.65 X 1Off ha of northern Maine were analyzed for species composition, successional status, and frequency of large-scale disturbance. Quantitative data consists of 1,448 sample trees spaced 1.6 km apart along a 9.7-X 9.7-km grid. Species which each comprised > 10% of the total were Picea spp., Fagus grandifolia, Abies balsamea, Thuja occidentalis, and Betula lutea. These forests appeared to be largely in a climax state as indicated by the dominance of shade-tolerant species and the small percentage (8% ) of intolerant or early successional species. However, 9.3% of the tract was burned land and birch-aspen forest at the time of the survey, mostly the result of large fires in 1803 and 1825. Windfalls occurred along 2.6% of the surveyed distance. If the amount of disturbed forest at this time was typical of the natural disturbance regime, then the average recurrence interval of fire and large-scale windthrow for a given site would be 800 and 1,150 years, respectively. Data on the structure of remnant virgin stands in the region likewise suggest that the time interval between severe disturbances was much longer than that needed to attain a climax, all-aged structure.
INTRODUCTION
The character of the presettlement forests in New England is not well known due to the paucity of virgin forest remnants and lack of detailed historical records. In Maine, commercial logging for pine (mostly Pinus strobus and Pinus resinosa) was underway by 1650. All forest types have been cut heavily since 1850 (Wood 1935 , Coolidge 1963 ) and even small virgin stands are now rare. Previous data on virgin forests of northern Maine are limited to accounts of 19th century travelers and a few studies on small virgin forest remnants. Thoreau (1 864) traversed the waterways of the region and commented on the dominance of spruce (Picea spp.) and fir (Abies balsamea), but had little opportunity to observe the upland forests. Useful quantitative data on virgin forest remnants in the mountains of western Maine were gathered by Cary (1894, 1896) and Hosmer (1902) . Hosmer found that the percentage of red spruce (Picea rubens) in the overstory varied from 38% on a lower mountain slope to 82% on the upper slope. Codominant species on the lower slope were yellow birch (Betula lutea, 17%), beech (Fagus grandifolia, 17%), sugar maple (Acer saccharum, 12%), and hemlock (Tsuga canadensis, 9%).
The use of government land surveys to reconstruct the composition of the presettlement forest has generally not been possible in New England since, with the exception of northern Vermont (Siccama 1971 The objectives of this study are to estimate the species composition of the presettlement forests, to interpret their successional status, and to provide evidence on the frequency of large-scale natural disturbances. This study was initiated and much of the data collected while the author was at Colby College, Waterville, Maine. The forest data from the land survey reflect successional trends and disturbance frequency over a large region prior to extensive influence by European man, and will also be helpful in assessing man's impact on the forests of this area.
STUDY AREA CHARACTERISTICS
The survey area encompasses much of the middle and upper Penobscot and Aroostook River valleys. The topography is generally characterized by rolling hills 150-450 m above sea level, interspersed with flat lowlands having numerous lakes and bogs of glacial origin (Flint 1959 The mean annual precipitation during the late 19th and early 20th century ranged from 71 cm in Houlton at the eastern edge of the tract to 109 cm in Millinocket near the center of the tract, and was fairly well distributed throughout the year. The mean annual temperature was about 40C for most stations on the tract, with a January mean of -11 C and a July mean of 18'C. The mean length of the growing season ranged from 104 to 110 days (U.S. Weather Bureau 1920).
At the time of the survey the tract was essentially unpopulated, with the exception of a few homesteads and the settlement of Houlton near the eastern edge (Fig. 1) . In 1810 the population of the Penobscot Valley was 7,471, distributed in 19 towns to the south of the survey area (Morse 1819). The surveyors noted in several places evidence of recent logging for pine, all of which were situated along major navigable rivers. Although the proportion of forest cut at this time was insignificant, loggers may have had a significant impact as a result of accidental fires.
METHODS
The study area (Fig. 1) Both quantitative and qualitative forest data were recorded by surveyors. In order to mark the position of the township lines on the ground, surveyors were instructed to blaze one "witness tree" at the end of each measured mile (1.6 km) and to record the species (Roll 47, land survey microfilms, Maine State Library). Most townships on the tract are 6 miles (9.7 km) on a side and therefore the witness trees were regularly spaced in a grid pattern. From the sample of 1,448 witness trees it is possible to estimate quantitatively the average forest composition of the tract. The use of these witness trees to reconstruct forest composition is made on the assumption that they constitute a representative sample of the original forest, and therefore that bias in the selection of tree species was not significant. Methods of checking for bias are discussed below.
The number of witness trees is less than the number of miles of township line because no witness trees were recorded for the area south of the dashed line in Fig. 2E , some township lines cross large lakes, and parts of other township lines could not be surveyed because of impassable terrain.
Qualitative descriptions of the forest cover, in which the dominant species were usually listed, were also given at 1-mile intervals and were recorded for 1,804 miles (2,903 km) of township line on the tract. Other information consistently recorded included a description of the soil quality and topographic features, and the occurrence of burned land, windfalls, and natural meadows. These data were taken partly for the purpose of determining the monetary value of each township. The supervisors of the survey were notified that "it will be particularly important that the surveyors take extensive field notes of everything in the situation and face of the Country thro' which they pass, which will enable us with your assistance to judge both of the absolute Soil quality was assigned to one of four classes based on rockiness and drainage, and was assessed "without any reference to waters, growth of timber, or local situation" (Roll 47, land survey microfilms). Soils designated as 1st-rate were well-drained loams suitable for cultivation, while 2nd-and 3rd-rates were typical of rocky sites with only small tillable patches. Land designated 4th-rate was "either extremely rocky or ledgy; flat, wet, and gravelly, or open bog, and may be considered as of no value except for the growth and mill sites" (Roll 47, land survey microfilms).
For analytical purposes I transcribed the witness tree data, forest descriptions, and soil quality ratings for each township line onto data sheets. All observations pertaining to natural disturbances were noted. Locations of mountains, rivers, lakes, and swamps were checked against topographic maps and found to be accurate in all areas of the survey.
RESULTS

Species composition and forest associations
Those species which each comprised > 10% of the witness trees were spruce, beech, balsam fir, cedar (Thuja occidentalis), and yellow birch (Table  1 and Descriptions of the forest by surveyors suggest that the species were segregated into physiognomic communities or forest types. All surveyors recognized three types: hardwoods (i.e. communities of broad-leaved deciduous trees), conifers, and mixed conifer-hardwoods (usually called "mixed forest"). There was a clear correlation of these types with soil quality and topography. Eighty-two percent of the hardwood stands occurred on 1st-rate soil, 57% of the mixed forest on 2nd-rate soil, and 83% of the conifer stands on 3rd-and 4th-rate soils. The hardwood stands occurred most often on upland soils relatively free from rocks, while typical conifer sites were stony flats and upper mountain slopes. However, an analysis of witness trees which occurred within stands of each type suggest that the hardwoods or conifers did not usually occur in pure stands, for the conifer type averaged 76% conifers and the hardwood type averaged 65% hardwoods. Thus most of the region was actually mixed forest, with hardwoods or conifers locally achieving partial dominance due to physiographic variation. Similar results are indicated by the stand tables of Graves (1899) and Chittenden (1905) for virgin "hardwood land" and "spruce flats". The variation in species composition due to soil quality is indicated in Table 2 .
Each of these three communities occurred throughout the study area. Thus there was no continuous belt of northern hardwoods in northeastern Maine as recognized by Shantz and Zon (1924) and Kiichler (1964) . Although the entire area was covered by mixed conifer-hardwood forest, there was considerable variation in species composition on different parts of the tract. Some species occurred as dominants over the whole tract, while hemlock, balsam fir, and cedar were common only in the southern, northern, and eastern portions, respectively (Fig. 2) .
A systematic way of mapping forest associations in this region would be to recognize each unique combination of dominants as a separate association. Thus, for this area, three associations could be recognized: (1) a western region of spruce-hardwood forest, (2) a southern region of spruce-cedar-hemlock-hardwood forest, and (3) a northern region of spruce-fir-cedar-hardwood forest. Boundaries were placed subjectively but were based on the geographic distribution of hemlock, fir, and cedar as indicated in the surveyors' descriptions (Fig. 2) . Table 1 gives the average species composition of each of these associations.
The question of surveyor bias
Bourdo's (1956) method of testing for bias in witness tree selection is not applicable to the Maine survey data since stakes or posts were not used to mark township corners. Although statistically significant bias in witness tree selection has not been found in other land surveys (Kenoyer 1930, Bourdo prominence of beech on poor soils is limited to the southern region, and is supported by the descriptive comments.
1956, McIntosh 1962, Siccama 1971, Delcourt and Delcourt 1974)
, it is desirable to evaluate each survey on an independent basis. One alternative to comparing stake-to-tree distances consists of compiling a list of the qualitative descriptions for comparison, for these descriptions were intended to give a reasonable account of forest composition. Since the species in hardwood stands were frequently not enumerated, it is necessary to treat conifers and hardwoods separately. Table 3 shows that the relative importance of species in the surveyors' descriptions is similar to that in the witness tree data, with spruce and cedar as the dominant conifers and birch, beech, and maple as the dominant hardwoods. However, the prominence of fir in the qualitative descriptions is much less, and that of pine considerably greater, than in the witness tree counts. An accurate estimate of pine density is particularly important since white and red pine are generally considered to be early successional or subclimax species (Fowells 1965) , and hence are important in assessing the sucessional status of these forests.
The discrepancy with pine might suggest that surveyors were reluctant to use commercially valuable trees that might be cut down within a few years. However, independent estimates of pine density in this region reveal that the witness tree estimate of 1.3% pine is a reasonable one. From 1826 to 1846 more than 25 townships were sampled by timber cruisers to determine the amount of merchantable pine timber, and several of these townships were in or adjacent to the present study area (Rolls 4 and 6, land survey microfilms). These timber cruise estimates are probably conservative but indi- cate an average of 290 board-feet per acre, which is less than the timber volume of an average-sized tree (Bickford 1951 ). An idea of what surveyors felt to be "considerable pine" (cf. Fig. 2) is revealed by the comment that "there is considerable pine timber in the valleys, say 500 feet to the acre, . . ." (Roll 6, land survey microfilms). For townships in which the total number of trees was specified, some were averaging less than one pine tree per 8 ha (Table 4) .
The generally small dimensions of balsam fir (Cary 1894, 1896) and its short lifespan and susceptibility to decay (Spaulding and Hansbrough 1944) would make it a poor choice for witness trees if other species were readily available. The prominence of fir in the witness tree data compared to the surveyors descriptions may merely reflect the fact that balsam fir was common in the subcanopy layer but not in the canopy (Cary 1896).
Sample adequacy
Adequacy of the sample size in estimating average species composition was tested empirically by calculating percent species composition as a function of increasing sample size. The values obtained for each species seem to be independent of sample size for samples of > 100 witness trees, and the results obtained from 150 randomly chosen witness trees are similar to those obtained from all 1,448 trees. This suggests that a much more intensive sample would not necessarily have improved the estimate of species composition. The second column of Table 1 shows the mean percentage for each species and the average deviation from the mean calculated from 10 random, independent subsamples of 500 witness trees. 
Presettlement fires
Inasmuch as other surveys in the Northeast have not reported extensive tracts of burned land, the occurrence of three such areas in the Maine survey is of considerable interest, especially in light of recent theories that the northern conifer forests are fire-dependent ecosystems which originally burned at intervals shorter than the maximum lifespan of the trees (Mutch 1970 , Heinselman 1971 , Habeck and Mutch 1973 .
The approximate shape and extent of the large fires can be determined by marking those township lines or portions of lines along which burned land was reported (Fig. 1) . Two of the large fires occurred in 1825, shortly before the survey was made. Comments of the surveyors indicate that these were severe crown fires which killed and partially consumed most of the trees. The fire along the Seboeis River covered approximately 32,000 ha and the fire along the Penobscot River covered over 10,000 ha. In addition to the large burns, 24 smaller ones were reported which had dimensions of 0.3 to 3.2 km where crossed by the township lines. In all, the amount of burned land was 9.3 % of the total surveyed distance and equivalent to 132,600 ha.
Since these fires occurred at the time of the earliest logging and land clearing operations, the amount of burned land was not necessarily indicative of the natural fire regime. The three largest fires all straddled navigable branches of the Penobscot River (Fig. 1) . Land clearing operations are known to have been in progress from 1799-1803 along the Piscataquis River, close to the southern portion of the 1803 burn (Loring 1880), and fire was commonly used in land clearing at that time (Loring 1880, Perley 1891). Also, surveyors in 1825 noted logging for pine in progress at several points along the Seboeis River. When they returned to finish surveying the area in the next year, they found that all the timber along the Seboeis had been burned to the headwaters (Fig. 1) . Thus, the presettlement fire regime in northern Maine may be obscured by clearing and logging fires that were common throughout the 19th century (cf. Coolidge 1963). Similar forest types of northern Vermont surveyed in the previous century had no recorded evidence of burned land (Siccama 1971 ).
Windthrow
The surveyors made 50 references to fallen timber on the tract. The pattern of windfalls shows some evidence of localization (Fig. 2) and may have been caused largely by one storm. All but two of the windfalls occurred in conifer forest on stony flats and swamps, while the adjacent uplands escaped disturbance. Most of the fallen trees were spruce and fir, which are typically shallow-rooted and vulnerable to windthrow (Fowells 1965 ). Windfalls occurred along 2.6% of the total number of one-mile township segments. The actual proportion of windthrown areas may have been less since windfalls probably did not extend along the entire length of each of these township segments.
There was apparently considerable variation in the severity of wind disturbance, but these differences were not usually described in detail. Of the damage caused by the storm of 1795, surveyors in 1801 reported that "in many places the trees appeared to be almost all down-some places about half & some scarcely any . . ." (Roll 6, land survey microfilms).
Insect epidemics
The survey records do not contain references to any extensive areas of defoliated or dead trees. However, in four isolated areas "much dead and down spruce" were reported in 1822, 1825, and 1826 (Roll 47, land survey microfilms). Three of these areas were less than 1 km where crossed by township lines, and the fourth about 3.2 km. These appear to be the only possible instances of severe spruce budworm outbreaks, which have reached epidemic proportions in the 20th century. Coolidge (1963) 1, 2, 4) . Thus, although natural disturbances are common in this region, their frequency has probably been overestimated by some ecologists. Cline and Spurr (1942) theorized that only limited areas in New England supported climax stands in precolonial times. Davis (1966) theorized that multi-aged spruce-fir stands in coastal Maine were uncommon in presettlement times due to the frequency of windthrow and fire. The age structure of presettlement stands is discussed below.
Data from the land survey and representative virgin stands give an indication of the frequency of severe disturbance in this region. Since most of the region was covered by climax forest, the average interval between crown fires on a given site must have been longer than the time needed to reach climax. The data of Cary (1894, 1896) in Table 5 suggest that the time needed to reach climax after a crown fire is somewhat longer than 100 yr. However, if the average recurrence interval of fire on a given tract were as short as 100 yr, well over half the total area would support birch-aspen forest at any one time. The dominance of birch-aspen appears to last at least 75 yr after a fire (Table 5) (Lorimer 1976 ). The all-aged character of the two stands studied by Leak (1975) were confirmed by age determination of representative trees. The other eight stands had a single dominant peak or a normal (bell-shaped) distribution of diameters, probably indicating the influence of severe past disturbance (Baker 1923 , Hough 1932 ).
An estimate of the frequency of partial windfalls and other forms of minor disturbance can be made by analyzing the structure of these stands. When peaks occur in a negative exponential distribution each of them usually represents tree establishment following a separate partial disturbance (Stephens 1955 , Roach 1974 , Lorimer 1976 ). The number of peaks in the 12 stands with the negative exponential structure referred to above ranged from 0 to 5 and averaged 1.2. Since the lifespan of trees in this region does not commonly exceed 300 yr (Cary 1894, Graves 1899, Cline and Spurr 1942), it follows that once the all-aged structure was attained on a given site, there was an average of 1.2 light to moderate disturbances every 300 yr, or one disturbance every-250 yr.
CONCLUSIONS
Although the land survey data indicate that severe disturbance was fairly common in the presettlement forest of northern Maine, data from the land surveys and individual virgin stands likewise indicate that most of the land surface supported climax stands that were frequently all-aged. The amount of burned land, birch-aspen forest, and windfalls at the time of the survey also support the conclusion that the recurrence interval of severe disturbance was considerably longer than that needed to attain a climax, all-aged structure. These results suggest that recent findings of relatively short cycles of fire and major disturbance in some areas (Heinselman 1971 (Heinselman , 1973 
